Three types of tomato were cultivated on rockwool using the following levels of nitrogen in the nutrient solution:140, 210 mg N in 1 dm 3 for the entire vegetation period or 140 mg until 3 cluster were set and then 210 mg. At the pick of fruiting samples of fruits were collected from all the analyzed combinations for chemical, physical and sensory analyses.
INTRODUCTION
For a few years now, cluster type and cherry tomatoes are present on the market in Poland. They are characterized by better quality and taste than the large-fruit tomato (Picha, 1987; Buitelaar, 1988; Li et al., 1999) thus creating a diversity of assortment offered to consumers. Nitrogen is an important element affecting not only the yield but also its quality. It affects the tomato content of aminoacids (Nowacki, 1980) , pigments (Dangler and Locastio, 1990) , substances soluble in juice (Doss et al.1975 , Rodriguez et al., 1994 and organic acids (Hobson, 1986; Holder and Christensen, 1988) . The hitherto existing recommendations of the optimal nitrogen contents in the nutrient used in cultivation on the rockwool refer to large-fruit tomato and amount to, depending on the cultivar and developmental stage, from 180 to 220 mg in 1 dm 3 (Wysocka-Owczarek, 1998) . However, such recommendations are unknown for other types of tomato cultivated under Polish conditions.
The research aimed at investigating the effect of three levels of nitrogen content in the nutrient on the quality of tomato of the cherry and cluster type as compared to the standard, large-fruit type cultivated on rockwool.
MATERIALS AND METHODS
Three types of tomato, each represented by two cultivars, standard type (Cunero, Recento), cluster type (Tradiro, Clarance) and cherry type (Favorita, Conchita) were cultivated in the spring-summer season in [2000] [2001] [2002] . Three levels of nitrogen content in the nutrient were applied in mg per 1 dm 3 : 140, 210 for the entire vegetation period and 140 until setting of the third cluster and then 210 until the end of vegetation. The contents of other components were constant amounting to (in mg per 1 dm 3 ): P-70, K-400, . Seedlings were planted on the rockwool slabs on 19th February 2000 and 12th February in the years 2001 and 2002 at the density of 2.7 plant per 1 m 2 . Experiments were carried out in the glasshouse with automatic ventilation. Drip irrigation system with Dosatron injectors and irrigation controller Volmatic VA-9000 was installed. Start time of irrigation 2 hours after sunrise and stop time of it 2 hours before sunset were fixed. The irrigation frequency and dose of nutrient solution depended on the light conditions and plant development. Plants were topped in the middle of May and the cultivation was finished on 13th and 18th July, respectively. At the pick of plant fruiting samples of fruits for chemical, physical and sensory analyses were collected from particular cultivars and fertilization levels. Chemical analysis concerned the determination of the fruit content of dry matter, total sugars by the Luff-Schoorl method, extract by the refractometric method, total acidity, vitamin C by the Tillmans method, beta-carotene and lycopene by the column chromatography method, flavonoids in accordance to Christ-Műller method (Strzelecka et al., 1978) , free aminoacids according to Rosen method (1957) . Also the potential acidity (pH) was calculated and the sugars to organic acid ratio was determined.
Physical analysis of fruit included the colour measurement with the help of spectrophotometer Minolta type CR-58i and their hardness was measured on the apparatus Instrom in both vertical and horizontal position. The measurements were taken in 10 replications.
Sensory analysis of fruits was done by the profile method in which the intensity of each of the discriminants (tomato taste and flavour) was evaluated on 10 cm continuous graphic scale marked with proper marks at both ends. The performed at the end total evaluation of fruit samples of the investigated cultivars which was the mean of their quality had at both ends the following marks: bad quality -good quality. The standard for the evaluation was the cultivar of the standard tomato (Cunero) which received the highest marks in the rank test in this group.
The evaluation was performed by a qualified group of 10 people in two sessions. The obtained results, as the mean for cultivars for each type, were statistically analyzed with the help of the Statgraphics 4.1 test using the Tukey's test at the significance level of a=0.05.
RESULTS AND DISCUSSION
The nitrogen level in the nutrient significantly affected the dry matter and extract content in the fruits. More of these components were noted when less nitrogen was supplied to tomato for the entire or only a part of the period of cultivation (Table 1) . Similar dependence was observed in their investigations by Doss et al. (1975) and Rodriguez et al. (1994) . On the other hand the investigated tomato types differed from each other with the content of dry matter and extract in the fruits. Most of these components were in cherry tomato: 9.51% and 8.09%, respectively and the least in the standard tomato -6.11% and 4.59%. Many authors express the opinion that in the fruit of large-fruit tomato there are about 4-7.5% dry matter while in the cultivars of the cherry type it amounts to about 12% and may vary (Hobson 1986; Holder and Christensen, 1988) . Nitrogen fertilization did not affect fruit potential acidity (pH) although it seems that variable one caused its decrease in all the investigated types. A significant effect of nitrogen level was noted in the case of the fruit content of sugars, vitamin C, and the sugars to acids ratio ( Table 2 ). The lowest sugar content (2.27%) and highest content of vitamin C (25.79%) was observed in the fruit of tomato at the lowest level of nitrogen fertilization -140 mg in 1 dm 3 . Kaniszewski et al. (1987) and Rodriguez et al. (1994) represent an opinion that the higher nitrogen fertilization decreases the vitamin C content and also makes worse the fruit colour. Various reactions of the investigated types of tomato to the application of nitrogen fertilization should be stressed here. The largest amount of total sugars and the highest sugars to acids ratio in fruits were noted in the cherry tomato when it was cultivated at a variable nitrogen level (6.02% and 13.45%), in standard tomato at a high level (3.86% and 12.39%). In cluster tomato at a variable nitrogen level fruit contained the largest amount of sugars (4.03%) and at the high level the highest ratio of sugars to acids (11.28%). Most sugars and the highest sugar acid ratio was presented by the cherry type independently from nitrogen fertilization, while cluster type and standard tomatoes did not differ significantly in this respect (Table 2) . These results agree with the opinion expressed by Hobson and Bedford (1989) who state that the cherry type fruit contain more sugars which positively affects their taste. No significant effect of fertilization on the fruit acid content of the investigated types was observed. The largest amounts of acids were found in the cherry type tomatoes -0.5% while in the cluster and standard tomatoes 0.41% and 0.39%, respectively ( Table 2 ). The type of tomato had largest effect on the content of lycopene, beta-carotene, flavonoids and aminoacids (Table 3) . Significantly less lycopene was noted in the fruit of standard tomato while the largest amount of that compound was in the cluster type -3.16 mg% which at the same time had the smallest amount of beta-carotene -0.96% and flavonoids -2.45 mg%. The largest amounts of these compounds were observed in the cherry tomato fruit -1.98 and 6.84 mg%, respectively. Nitrogen fertilization affected the beta-carotene content in fruits. The smallest amount of that compound was in tomatoes cultivated at variable nitrogen level, the largest at the high nitrogen level -0.92 mg% and 1.93 mg%. Although no significant effect of fertilization on the fruit flavonoid content was observed, it should be stressed that the largest amount was found in the fruit obtained from the groups cultivated at a high level of fertilization. The increase of nitrogen in the nutrient did not affect the content of amino acids, although they were present in larger amounts when tomatoes were cultivated at its variable level. Cherry tomato contained the largest amount of them -0.4%.
Aminoacids together with sugars and organic acids shape the "tomato" taste (Hobson and Kilby, 1985; 1986 and Boggio et al., 2000) . In the evaluation of the "tomato" taste and flavour the cherry types of tomatoes were the best (Fig. 1) . Also total evaluation revealed that fruits of the cherry (cv. Conchita and Favorita) and cluster type (cv. Clarance and Tradiro) were better than the standard (Fig. 2) . The level of nitrogen fertilization did not affect it (Fig. 3) .
The fruit colour expressed by the synergy of chromatic traits L x a x b shows that the value of chromatic "a" depended only on the type of tomato (Table 4) . Cluster type was characterized by the highest share of red colour as compared to fruits of the standard and cherry type reaching the value 23.0. In the case of chromatic constituent "b" which means the yellow colour of fruits, it was observed that there was no difference between types. In the case of chromatic "L" which decides about the brightness of the peel the brightest fruit were produced by the cherry type. The application of variable nitrogen fertilization during cultivation increased the fruit brightness, especially in the cherry type. Nitrogen fertilization did not affect the hardness of fruit (Table 5 ). This trait depended on the tomato type. The hardest fruits were observed in the cluster type, the softest -the cherry fruit in both positions of the measurement.
CONCLUSIONS
The investigations revealed that tomato types differed from each other with the content of the investigated substances.
The largest amounts of dry matter and extract in the fruits, total sugars and the highest sugars to acid ratio had the cherry tomato fruits. They were also richer in betacarotene, flavonoids and aminoacids. On the other hand they were least hard and a little lighter in colour. The hardest fruit of intensive red colour were the cluster type tomatoes. They also have the largest amounts of lycopene and were better than the standard type in the sensory evaluation. However, it was the cherry tomato which received the highest notes for the tomato taste and colour in the sensory evaluation.
The level of nitrogen fertilization modified the contents of the determined compounds in various ways depending on the tomato type. Thus controlling the nitrogen content in the nutrient during plant vegetation may affect the increase of tomato fruit quality. Tables   Table 1. The effect of nitrogen fertilization on the content of dry matter, acidity and soluble solids in three tomato types. 
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